This paper focuses on applying the GDTM-Padé technique to solve the non-linear differential-difference equation. The bell-shaped solitary wave solution of Belov-Chaltikian lattice equation is considered. Comparison between the approximate solutions and the exact ones shows that this technique is an efficient and attractive method for solving the differential-difference equations.
Introduction
Differential-difference equations arise in many fields, such as air permeability in fabrics [1] , inverse heat conduction problem [2] , nanoscale heat transfer [3] , nanoscale hydrodynamics [4] , thermal excitation [5] , and others [6, 7] . In this paper we will study the Belov-Chaltikian lattice equation, which is [8] 
Equation (1) is originally introduced in the study of lattice analogues of W-algebras and has many applications in the fluid, plasmas, crystal lattice and so on [9, 10] .
There are many analytical approaches to differential-difference equations, such as the Adomian decomposition method [11] , the Exp-function method [12] , the G'/G-expansion method [13] , and the ADM-Padé technique [14] . In this paper the GDTM-Padé technique is adopted for solving the initial value problems of eq. (1). The GDTM-Padé technique is a combination of the generalized differential transform method [15] and the Padé technique [16] . As shown in [17, 18] , the differential transform method can efficiently obtain analytical solutions of the non-linear equations in the form of a polynomial. It is different from the traditional Taylor series method, which requires the derivatives of the specified functions, resulting in expensive computation for high orders. Furthermore, the GDTM does not involve the symbolic computation of the integral and the perturbation technique. However, the approximate solution given by the GDTM may converge in a limited interval. To improve the convergence and the accuracy, the Padé approximation is applied to modify the approximate solution obtained by the GDTM. 
The GDTM-Padé technique
To illustrate the basic idea of the GDTM-Padé technique, we consider the general non-linear difference-differential equation:
where N is a non-linear differential operator, u n (t) is the unknown function with respect to the discrete spatial variable n and the temporal variable t.
Applying the 1-D differential transform method (GDTM), the differential transform of the k th derivative of the function u n (t) is defined by:
The differential inverse transform of U n (k) reads:
Particularly, the function u n (t) can be formulated as a series when t 0 = 0:
In practice, we can determine the coefficients U(n,k) (k = 1, …, m), and obtain the m th order approximation of the function u n (t) given by:
The transformed operations for the GDTM are listed in tab. 1 [17, 18] .
To improve the accuracy of the GDTM solution (2), the Padé approximation is used. For simplicity, we denote the
where 
Numerical example
In this section, we test the Belov-Chaltikian lattice equation to verify the efficiency of the GDTM-Padé technique. We compare the performance of the GDTM-Padé technique with the original GDTM algorithm. All the numerical computations are performed by Mathematica 7.0.
Consider the initial value problem for the Belov-Chaltikian lattice eq. (1). We remark that the bell-shaped solitary wave solutions to eq. (1) are given by [8] :
where g(n, t, z) = 1 + e η with η = pn + qz + rt + η 0 , r = λ -1 (e p -1), q = λ -2 (e 2p -1), λ = (e 1/2p -e 3/2p )/(e 3/2p -e -3/2p ), p and η 0 are constant, and z is an auxiliary variable. We suppose that the initial conditions to eq. (1) are defined by the above exact solutions (3) at t = 0, i. e. u n0 = u n (0) and v n0 = v n (0)
In this example, we set p = 0.5I, z = 1, and η 0 = 0. Applying the GDTM, we can represent the transformed problem of eq. (1) in the recursive form:
The transformed initial conditions are U(n, 0) = u n0 , and V(n, 0) = v n0 . Similarly, the implicit initial conditions can be constructed as U(n -1, 0) = u n-1 (0),
Based the recurrence (4), we can derive the coefficients U(n, k) one by one, and obtain the approximate solution , 0 In order to illustrate the efficiency of the GDTM-Padé technique, we plot the GDTM solutions (|u n.6 |), the GDTM-Padé solutions (|u n.6 [3, 3] |), and the exact solution (|u n |) of eq. (1) in the left side of fig. 1 . The comparisons for the |v n.6 |, |v n [3, 3] |, and |v n | are shown in the right side of fig. 1 . Figure 2 shows the absolute errors of the modulus of the GDTM solutions and the GDTM-Padé solutions. Obviously, the GDTM-Padé technique performs better than the GDTM method. We remark that the GDTM solutions are in good accordance with the exact solutions in the small interval -2 ≤ t ≤ 2, and high errors appear when |t| > 2. By the GDTM-Padé technique, the convergence domains of the approximations are improved largely. In tab. 2, we list the absolute errors of the modulus of GDTM solutions and GDTM-Padé solutions. The numerical results confirm that the GDTM-Padé technique is efficient for solving the Belov-Chaltikian equation. 
Conclusions
This paper deals with the Belov-Chaltikian lattice equation by using the GDTM-Padé technique. The numerical results confirm the effectiveness and advantage of this method over the original GDTM method. In the future work, we will further extend this method to other nonlinear equations. 
